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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to a titania-zirconia or titania-zirconia-alumina powder and a process for producing the 
same. More particularly, it relates to a novel titania-zirconia or titania-zirconia-alumina powder which is suitable as a 
catalyst carrier or a co-catalyst, particularly for purifying automotive exhaust gases or as a catalyst carrier for use in high 
temperature gases containing sulfur, and a process for producing the powder. 

10 BACKGROUND OF THE INVENTION 

[0002] In order to improve the properties of titania powder used as a catalyst carrier or a co-catalyst, zirconia is 
frequently used as an additive in combination with an alkaline earth metal, a transition element, and a rare earth element. 
[0003] For example, J P-A-58- 143839 (The term "JP-A" as used herein means an "unexamined published Japanese 

75 patent application") discloses a catalyst for purifying nitrogen oxides comprising (A) a modified complex oxide obtained 
by treating a titanium-zirconium binary complex oxide with barium, (B) a vanadium oxide, and (C) an oxide and/or a 
sulfate of at least one element selected from the group consisting of tungsten, molybdenum, tin, chromium, manganese, 
cerium, and iron. Thus, it is known that the combined use of zirconia provides a catalyst which exhibits high activity in 
a broad temperature range and at a high space velocity without being influenced by oxygen, SO x , carbonic acid gas, 

20 steam, halogen compounds, and hydrocarbons present in exhaust gases or by smog and has a small ability of oxidizing 
S0 2 to S0 3 . 

[0004] JP-A-8-1 92051 discloses a catalystforpurifying exhaust gases which comprises a carrier comprising atitanium- 
zirconium complex oxide, an NO x storage component selected from among alkali metals, alkaline earth metals and rare 
earth elements and supported on the carrier, and a noble metal supported on the carrier. Accordingly, it is known in the 
25 art that a catalyst having a titanium-zirconium complex oxide as a carrier is less susceptible to poisoning by sulfate or 
sulfite ions than a catalyst having an alumina carrier, that a sulfate of an NO x storage component generated by the 
adsorbed sulfate or sulfite ions easily decomposes at a low temperature, and that the titanium-zirconium complex oxide 
carrier has improved heat resistance and improved acidity compared with a titanium carrier. 

[0005] In this way numeral attempts have been made to date to impart heat resistance to titania and to improve the 
30 surface acidity of titania by addition of zirconia while retaining the resistance of titania against sulfur poisoning. However, 
it has been unknown that the contemplated effects can be enhanced by solid dissolving zirconia in an anatase phase 
of titania or by solid dissolving titania in a tetragonal phase of zirconia and that use of such a solid solution powder as 
a carrier provides a catalyst with markedly increased performance. 

[0006] JP-B-7-24774 (The term "JP-B" as used herein means an "examined Japanese patent publication") proposes 
35 an oxidizable substance- and/or nitrogen oxide-containing carrierfor a catalyst for treating exhaust gases, which comprise 
an inorganic refractory oxide obtained by heat-treating a material containing a titanium compound and a zirconium 
compound at 660 to 900°C, the inorganic refractory oxide comprising 20 to 90 mol% of Ti0 2 and 1 0 to 80 mol% of Zr0 2 
and containing at least 20% by weight of a titanium-zirconium complex oxide having a crystal structure of ZrTi0 4 . This 
proposal contemplates providing a carrier which provides a catalyst having high purifying performance and improved 
40 heat resistance by taking advantage of the strong solid acidity and higher heat resistance of ZrTi0 4 than the heat 
resistance of titania alone or zirconia alone. It is essential, therefore, for the inorganic refractory oxide to contain at least 
20% by weight of ZrTi0 4 . 

[0007] However, JP-B-7-24774 does not mention the importance of preventing sulfur poisoning and of high-temper- 
ature non- reactivity with an alkaline salt, which is an NO x storage component, in NO x -storage and reduction type 
45 catalysts; still less suggests that it is rather a key point for this importance that titania-zirconia powder be free from basic 
sites on its surface. 

[0008] It is utterly unknown that high performance could be exerted in terms of the above-mentioned sulfur poisoning 
resistance and non-reactivity with an NO. storage component, not in an area mainly comprising ZrTi0 4 , but in a titania- 
rich solid solution system mainly comprising an anatase phase or in a zirconia-rich solid solution mainly comprising an 
50 tetragonal phase. 

[0009] JP-A-6-304477 describes an amorphous zirconium-titanium complex oxide (partly crystalline but totally amor- 
phous) having a Zr0 2 :Ti0 2 weight ratio of 5:95 to 95: 5 and a process for producing the same. However, as is taught 
in JP-B-7-24774 supra, a zirconium-titanium complex oxide obtained by the general co-precipitation method comes to 
have a composition mainly comprising ZrTi0 4 on being heat-treated at 700°C or higher temperatures. The crystal 
55 structure according to the present invention (a structure having titania solid-dissolved in a tetragonal phase of zirconia, 
with a small amount of ZrTi0 4 ora monoclinic phase of zirconia being present around the solid solution grains; hereinafter 
described in detail) is not obtained by the co-precipitation method. Further, JP-A-6-304477 merely describes the amor- 
phous complex oxide of zirconium and titanium, only reciting the general co-precipitation method as a method of pro- 
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duction. Accordingly, it is apparently recognized thatthe amorphous (partially crystalline buttotally amorphous) zirconium- 
titanium complex oxide disclosed in JP-A-6-304477 would be inferior in heat resistance and alkali resistance when used 
as a carrier for a NO x -storage reduction type catalyst, as is with the oxidizable substance comprising the inorganic 
refractory oxide disclosed in JP-B-7-24774. It is absolutely unknown that it is important for titania-zirconia powder to be 

5 not only amorphous but be capable of maintaining a large specific surface area even after heat treatment. 

[001 0] We find no literature on attempts to improve heat resistance of titania powderwithout changing its characteristic 
that there are only acidic sites with few basic sites on the surface. It is also unknown that a titanium-zirconium oxide 
solid solution having zirconia solid-dissolved in an anatase phase of titania or having titania solid-dissolved in atetragonal 
phase of zirconia exhibits both excellent heat resistance and sulfur poisoning resistance. 

10 [0011] With regard to an oxide solid solution, JP-A-9-221304 discloses a cerium-zirconium oxide solid solution but 
has no mention of an oxide solid solution having zirconia or titania solid-dissolved in titania or zirconia, respectively. 
[0012] Commercially available titania powder (titania powder having an anatase crystalline phase) is so inferior in 
heat resistance that it extremely reduces the specific surface area on heating at high temperature. That is, it is unable 
to maintain a desired specific surface area after completion of high-temperature treatment. None of available titania 

15 powders, except of Ti0 2 -Si0 2 system, maintains a specific surface area of 45 m 2 /g or more when heated at 800°C for 
5 hours in the air. 

[0013] JP-A-9-926 discloses a catalyst for purifying exhaust gases which comprises a carrier of a Ti-Zr-AI complex 
oxide having supported thereon an NO x storage component and a noble metal catalyst. It is hence known as disclosed 
that a combination of titania, zirconia, and alumina enjoys both the effects of the Ti-Zr complex oxide in preventing sulfur 

20 poisoning and improving heat resistance and the effects of an aluminum oxide in further improving the heat resistance. 
However, it is not known in the art that these effects produced by the Ti-Zr-AI ternary oxide in prevention of sulfur 
poisoning and heat resistance improvement can be enhanced where the Ti-Zr complex oxide in this ternary oxide system 
is an oxide solid solution having zirconia or titania solid-dissolved in titania or zirconia, respectively. 
[001 4] M.J. Bannister et al., Journal of the American Ceramic Society, 69(1 1 ), 269 (1 986) disclose measurements of 

25 the solubility of Ti0 2 in tetragonal Zr0 2 at temperatures of 1300°C, 1400°C and 1500°C. 

[0015] O. Yamaguchi and H. Mogi, Journal of the American Ceramic Society, 72(6), 1065 (1989) disclose a systematic 
study of the formation of ZrTi0 4 from amorphous materials prepared by the simultaneous hydrolysis of zirconium and 
titanium alkoxides. 

[0016] A. Bianco etal., Journal of the European Ceramic Society, 18, 1235 (1 998) disclose the preparation of zirconium 
30 titanates via polymeric precursors. Oxide powders were obtained by calcining the polymeric precursors at temperatures 
in the range of 460 to 1 200°C. 

[0017] F. Capel et al., Ceramics International, 25, 639 (1999) disclose structure-electrical properties relationships in 
Ti0 2 -doped stabilized tetragonal zirconia ceramics. This document discloses yttria-doped tetragonal zirconia (Y-TZP) 
mixed with up to 20 mol% of Ti0 2 , which mixture is calcined at 900°C and then sintered at 1300 to 1450°C. 
35 [0018] EP 0 370 523 discloses a carrier for a waste gas-treating catalyst, comprising an inorganic refractory oxide 
containing a composite oxide of titanium and zirconium possessing a crystalline structure of ZrTi0 4 , which is produced 
by heat-treating a substance containing a titanium compound and a zirconium compound at a temperature in the range 
of 600 to 1 000°C, and a catalyst for treatment of a waste gas comprising a catalytically active component deposited on 
the carrier. 

40 [001 9] EP 0 585 053 discloses a method of preparing an alcohol by a reduction reaction in the presence of a zirconium- 
titanium oxide catalyst. Said catalyst is prepared by coprecipitation of a zirconium salt and a titanium salt with aqueous 
ammonia. 

[0020] The social recognition of the importance of environmental conservation has ever been growing, and the demand 
for purifying exhaust gases from automobiles, etc. has been increasing. In this situation, the purifying performance of 
45 the background art catalysts is far below the desired levels. 

SUMMARY THF INVENTION 

[0021] An object of the present invention is to provide a novel titania-zirconia powder and a novel titania-zirconia- 
50 alumina powder that have high resistance against poisoning with acidic substances, such as sulfur compounds, easily 
desorb such poisoning substances having been once adsorbed, and are capable of maintaining a high specific surface 
area even on being heated in a high temperature. 

[0022] Another object of the invention is to provide a novel titania-zirconia powder and a novel titania-zirconia-alumina 
powder which exhibit markedly improved heat resistance without impairing the characteristic of titania's having few basic 
55 sites on the surface. 

[0023] A further object of the invention is to provide processes for producing these novel powders. 

[0024] The objects of the present invention are accomplished by the subject-matters of claims 1 to 3, 12 and 13. 

[0025] Further embodiments of the present invention are given in the dependent claims. 
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[0026] The present invention provides a titania-zirconia powder, a yttria-containing titania-zirconia powder, and a 
titania-zirconia-alumina powder which exhibit excellent resistance to poisoning by acidic substances and excellent prop- 
erties of desorbing the acidic substances, maintains a large specific su rface area even after a high-temperature treatment, 
and can have its heat resistance markedly increased without changing the characteristic of titania that there are few 
5 basic sites on the surface. Therefore, the present invention provides powders which are suitable as a catalyst carrier or 
a co-catalyst, particularly as a catalyst carrier or a co-catalyst for purifying automotive exhaust gases or as a catalyst 
carrier for use in high temperature gases containing sulfur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0027] 

Figs. 1 A and 1 B each is a graph of specific surface area of the titania-zirconia powders (Ti0 2 : Oto 100 wt%) obtained 
in Examples 1 to 9 and Comparative Examples 1 to 5, wherein Fig. 1A is a graphical representation of Table 1, 
75 showing the relationship of specific surface area of the titania-zirconia powders after heat-treated at 500°C for 5 

hours vs. zirconia content and Fig. 1 B is a graphical representation of Table 1 , showing the relationship of specific 
surface area of the titania-zirconia powders after heat-treated at 800°C for 5 hours vs. zirconia content. 
Fig. 2 shows X-ray diffraction patterns of the titania-zirconia powders (Ti0 2 : 0 to 1 00 wt%) calcined at 500°C for 5 
hours. 

20 Fig. 3 shows X-ray diffraction patterns of the titania-zirconia powders (Ti0 2 : 0 to 1 00 wt%) calcined at 800°C for 5 

hours. 

Figs. 4A and 4B show the results of ammonia temperature-programmed desorption test. 

Figs. 5A and 5B show the results of carbon dioxide temperature-programmed desorption test. 

Fig. 6 is a graphical representation of Table 4, showing the influence of yttria (Y 2 0 3 ) on the specific surface area 
25 of a titania-zirconia powder. 

Fig. 7 is a graphical representation of Table 5, showing the relationship of specific surface area of the powders of 

Examples 2 and 8, Comparative Example 6, and Reference Example vs. heat-treating temperature. 

Fig. 8 is a graphical representation of Table 7, showing the relationship of specific surface area of the powders of 

Examples 1 1 and 12 and Comparative Example 7 vs. heat-treating temperature. 
30 Fig. 9 is a graphical representation of Table 8, showing the NO x storing ability vs. temperature of the catalysts 

prepared by using the powders of Examples 1 1 and 12 and Comparative Example 7 as a carrier. 

DETAILED DESCRIPTION OF THE INVENTION 

35 [0028] The weight percents representing the proportions of oxide components in powder, such as titania, zirconia and 
yttria, as used herein are those obtained by ICP (inductively coupled plasma mass spectroscopy). 
[0029] The volume percents representing the proportions of a crystalline phase and an amorphous phase as used 
herein are those obtained by powder X-ray diffractometry. The weight percents representing the proportions of a crys- 
talline phase and an amorphous phase are those calculated from the above-specified vol ume percents and the respective 

40 densities. 

[0030] In the titania-zirconia powder (1) according to the invention, at least a part of zirconia is dissolved in the 
crystalline phase of titania to form a solid solution, or at least a part of titania is dissolved in the crystalline phase of 
zirconia to form a solid solution. Such solid solution states will be apparent from the peak shift of the crystalline phase 
of titania (anatase phase) shown in Table 2 (Fig. 2) and the peak shift of the crystalline phase of zirconia (tetragonal 

45 phase) shown in Table 3 (Fig. 3). The details will be given later. 

[0031] Comprising such a solid solution, the powder can maintain a large specific surface area even after a high- 
temperature treatment to provide a titania-zirconia powder having excellent resistance to poisoning by acidic substances 
and the property of easily desorbing the adsorbed acidic substances. Further, the powder can be converted to a titania- 
zirconia powder with greatly improved heat resistance without impairing the property of having few basic sites on the 

50 surface, which is characteristic of titania. 

[0032] The amorphous titania-zirconia powder (2) capable of producing the powder (1 ) also maintains a large specific 
surface area even after a high-temperature treatment to provide a titania-zirconia powder having excellent resistance 
to poisoning by acidic substances and the property of easily desorbing the adsorbed acidic substances. Further, the 
powder (2) can be converted to a titania-zirconia powder with greatly improved heat resistance without impairing the 

55 titania's characteristic of having few basic sites on the surface. 

[0033] The titania-zirconia powders (3), (4), (5) and (6) of the present invention which contain 3 to 30% by weight of 
zirconia and in which the titania has an anatase crystalline phase maintain a specific surface area of 45 m 2 /g or more 
when heat-treated at 800°C for 5 hours in the air. In these powders, at least a part of the zirconia is dissolved in the 
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anatase phase to form a solid solution. The rest of the zirconia, which is not dissolved, is in the form of a complex oxide 
having the composition of ZrTi0 4 or (Ti, Zr)0 2 or in the form of a tetragonal phase and is dispersed around the titania. 
[0034] The fact that part of the zirconia is dissolved in the anatase phase of titania will be recognized from the peak 
shift of the anatase phase shown in Table 2 (Fig .2) as hereinafter described. The peak is shifted to the smaller 2G angle 
5 side, i.e., the lattice constant tends to increase, which agrees with the solid dissolution of zirconium ions having a larger 
ionic radius than titanium ions. 

[0035] Further, as shown in Table 3 and Fig. 3, the 800°C calcined powders having up to 20% by weight of a zirconia 
content substantially comprise an anatase phase, while a peak attributed to the (111) plane of a (Ti,Zr)0 2 complex oxide 
phase appears at 26=30. 64°C, which corresponds to the first peak of the (Ti,Zr)0 2 complex oxide phase, appears with 
10 a zirconia content of 30% by weight. It is thus recognized that the zirconia which is not solid-dissolved in the anatase 
phase exists in the form of the (Ti, Zr)0 2 complex oxide phase. From the fact that such a crystalline phase constitution 
is confirmed regardless of the sampling positions, it is considered that the (Ti,Zr)0 2 complex oxide phase is finely 
dispersed in the anatase phase. 

[0036] The (Ti, Zr)0 2 complex oxide phase content is less than 20% by weight, preferably 1 0% by weight or less, still 

15 preferably 5% by weight or less. 

[0037] With the zirconia content falling within the range of from 3 to 30% by weight, the powder maintains a specific 
surface area of 45 m 2 /g or more when heat-treated at 800°C for 5 hours in the air as will be demonstrated in Examples 
(Table 1 and Fig. 1B). Out of the recited zirconia content, such a large specific surface area cannot be secured after 
the 800°C heat treatment. This seems to be because the zirconia content within this range can be dissolved in the 

20 anatase phase of titania to stabilize the crystalline phase and also because the zirconia grains present among the titania 
grains prevent sintering. 

[0038] The titania-zirconia powder (7) of the invention, which is amorphous in the proportion of 90% by volume or 
more, comprises 60 to 85% by weight of zirconia, and maintains a specific surface area of 1 40 m 2 /g or more after being 
heat-treated at 500°C for 5 hours in the air and a specific surface area of 35 m 2 /g or more after being heat-treated at 

25 800'C for 5 hours in the air, as demonstrated in Table 1 and Figs. 1 A and 1 B. 

[0039] The titania-zirconia powder (8) of the invention, wherein the crystalline phase comprises zirconia having a 
tetragonal phase, titania is present in an amount of 15 to 40% by weight, at least a part of the titania is dissolved in the 
tetragonal phase, and the total content of a complex oxide having a composition of ZrTi0 4 or (Ti, Zr) 0 2 , monoclinic 
phase zirconia, and anatase phase titania is less than 20% by weight, has a specific surface area of 35 m 2 /g or more 

30 when heat-treated at 800°C for 5 hours in the air as demonstrated in Table 1 and Fig. 1 B. 

[0040] The titania-zirconia powder of the invention having a zirconia content of 60 to 85% by weight which is obtained 
by heating at temperatures of 500°C or lower comprises an amorphous phase in the proportion of 90% by volume or 
more. When heated to 600°C or higher, there are precipitated titania-zirconia grains in which zirconia has a tetragonal 
phase having titania solid-dissolved therein as will be shown in Fig. 3. 

35 [0041] As shown in Fig. 3 (and Table 3), the peak assigned to the (101) plane of the tetragonal phase zirconia is 
shifted with an increase of the titania content, indicating that titania is solid-dissolved therein. That is, the peak is shifted 
to the larger angle (29) side, i.e., the lattice constant tends to become smaller, which agrees with the fact that the ionic 
radius of titanium ions is smaller than that of zirconium ions. Further, as shown in Table 4 (and Fig. 3), a small amount 
of a monoclinic phase of zirconia appears with the zirconia content of 80% by weight or more, and a small amount of a 

40 (Ti,Zr)0 2 complex oxide phase appears with the zirconia content of 70% by weight or less. The content of the (Ti, Zr) 
0 2 complex oxide phase in the powder (8) is less than 20% by weight, preferably 1 0% by weight or less, still preferably 
5% by weight or less. 

[0042] The above-described titania-zirconia powder having a zirconia content of 3 to 30% by weight or 60 to 85% by 
weight can further contain yttria. The combined use of yttria brings about a further improvement on specific surface area 
45 retention particularly where the powder is used at temperatures exceeding 900°C. A preferred yttria content is 0.5 to 
10% by weight, particularly 0.5 to 5% by weight, especially 1 to 3% by weight (see Table 5 and Fig. 6). The effect of 
yttria is saturated at 1 0% by weight. 

[0043] The titania-zirconia powder (12) of the invention is a powder obtained by adjusting the average particle size 
of the above-described titania-zirconia powder according to the invention to 1 |xm or smaller and dispersively mixing 
50 with an alumina powder. With the titania-zirconia powder and the alumina powder in a highly dispersed state, the 
characteristics of the titania-zirconia powder can be manifested more effectively, and, in addition, the dispersed alumina 
powder brings about further improvement on the heat resistance. 

[0044] That is, in the titania-zirconia powder (1 2), the titania-zirconia powder is highly dispersed in an alumina powder 
to exhibit enhanced resistance to poisoning by acidic substances, such as sulfur. Further, being held by heat-resistant 
55 alumina, the ti tania-zirconia powder can retain its large specific surface area up to a high temperature. These effects 
are particularly noticeable with the titania-zirconia powder (15) which is obtained by uniformly dispersing the titania- 
zirconia powder in an alumina powder having an average particle size of 0.1 \lxw or smaller. 

[0045] The mutually dispersed state of the titania-zirconia solid solution particles and the alumina particles are ex- 
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plained below in more detail. In the present invention, the dispersed state of particles is expressed in terms of average 
particle size of the particles. The average particle size can be obtained as follows. 

[0046] At least 10 randomly selected fields of a sample, whether monocrystalline or polycrystalline, under a transmis- 
sion or scanning electron microscope were photographed, and the maximum size (taken as a particle diameter) of 200 
5 or more grains per micrograph was measured to obtain an arithmetic mean, which is taken as an average particle size 
of the titania-zirconia solid solution grains and of the alumina grains. 

[0047] The method of particle size measurement is not limited to the above-described image processing, and other 
methods giving equivalent results can be adopted. For example, in cases where different kinds of particles are mechan- 
ically mixed up, a laser diffraction system particle size distribution measuring method provides equivalent results. A 

10 dynamic light scattering method also will do. However, where particles are ground during the mechanical mixing (pref- 
erential grinding), the dispersed state after the grinding must be confirmed by the image processing. 
[0048] While the term "particle size" as used herein denotes the particle size of each component constituting the 
powder, where the particles show a bimodal size distribution including apparently coarse particles or microfine particles, 
such particles deviating from the predominant particle size distribution should be excluded in calculating the average 

15 particle size. The term "predominant particle size distribution" as used herein is intended to mean that the total volume 
of the particles belonging to the distribution curve is 50% by volume or more of the total particles. The term "average" 
as used herein is intended to mean the most frequent diameter of each single distribution standardized by volume. 
[0049] For the titania-zirconia solid solution grains as dispersed among the alumina grains "to have an average particle 
size of 1 |xm or less" has the following technical significance. As previously stated, the titania-zirconia solid solution 

20 grains have almost no basic sites on their surface so that acidic substances, such as sulfur, are hardly adsorbed thereon 
and, if adsorbed, easily desorbed therefrom. Therefore, the grains effectively prevents poisoning by such acidic sub- 
stances. On the other hand, a noble metal which serves as active sites of a catalyst is supported more stably up to high 
temperatures on the surface of alumina grains than on the titania-zirconia solid solution grains. It is conceivable therefore 
to mechanically mix alumina grains and the titania-zirconia solid solution grains. It has been confirmed that a mechanical 

25 mixture of an alumina powder and titania-zirconia powder exerts the effect of reducing sulfur poisoning while holding a 
noble metal up to high temperatures. Considering the mechanism in which the titania-zirconia solid solution grains exert 
the resistance against sulfur poisoning, it is predicted that better results will be obtained by mixing the titania-zirconia 
powder with an alumina powder as finely as possible. 

[0050] However, according to a general mixing operation it is extremely difficult to mix them with their particle size 
30 controlled to 1 |xm or smaller. The present inventors have succeeded in obtaining the above-mentioned highly dispersed 
state by a method including the step of synthesizing the titania-zirconia solid solution grains in a solution in the presence 
of an alumina powder. 

[0051] The titania-zirconia powder (12) in which the titania-zirconia solid solution grains having an average particle 
size of 1 |xm or smaller are dispersed in alumina grains exhibits enhanced resistance to poisoning compared with a 
35 mere mechanical mixture of the alumina grains and the titania-zirconia solid solution grains where used as a catalyst 
carrier. 

[0052] The improvement on the mutually dispersed state of the two powders can be ensured by using an alumina 
powder having an average particle size of 1 |jum or smaller. In this case, the noble metal on the alumina is closer to the 
titania-zirconia solid solution grains thereby enjoying a more excellent effect of preventing poisoning. This effect of 
40 preventing poisoning is further pronounced where the titania-zirconia solid solution grains and the alumina grains are 
dispersed more finely. 

[0053] The above effect is furthermore conspicuous where both powders are dispersed with a particle size of 0.1 |xm 
or smaller, particularly 0.07 |xm or smaller, which could not be achieved by preferential grinding or the above-described 
method in which the titania-zirconia solid solution grains are synthesized in the presence of an alumina powder. Such 

45 a finely dispersed state can be achieved by (i) a method including the step of forming a precipitate from a mixed aqueous 
solution of an aluminum salt, a titanium salt and a zirconium salt by pH adjustment or (ii) a method including the steps 
of forming precipitates separately from an aqueous solution of an aluminum salt and a mixed aqueous solution of a 
titanium salt and a zirconium salt and mixing the precipitates. When the titania-zirconia powder is mixed with the alumina 
powder in a dispersed state, the resulting powder mixture shows a specific surface area of 1 00 m 2 /g or more after being 

50 heat-treated at 800°C for 5 hours in the air. Further, according to a method as shown in the after-mentioned Example 
11, it is possible to obtain a mixed powder of a titania-zirconia powder and an alumina powder, each powder having an 
average particle size of 0. 07 |jim or smaller, which mixed powder shows a specific surface area of 110 m 2 /g or more 
after being heat-treated at 800°C for 5 hours. Although it is not clear why the mixed powder shows such a higher specific 
surface area, it is presumed that the titania-zirconia powder is uniformly dispersed in the alumina powder and this causes 

55 such a high specific surface area. 

[0054] It is preferred forthe alumina powderto contain a rare earth element oxide (e.g., lanthanum oxide) or an alkaline 
earth metal oxide (e.g., barium oxide) in the form of a solid solution or a complex oxide. Such alumina powder exhibits 
improved heat resistance and thus is more preferable. 
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[0055] The titania-zirconia-alumina powder according to the invention can be used as a catalyst carrier either alone 
or in combination with commercially available alumina powder having an average particle size of 3 to 7 ^m. In the former 
case, the alumina content is preferably 20 to 80% by weight, still preferably 40 to 60% by weight; and the alumina powder 
preferably has an average particle size of 0.1 ^m or smaller. 

5 [0056] In the latter case, the titania-zirconia-alumina powder of the invention can be mixed with, for example, the same 
weight percent of commercially available alumina having an average particle size of 3 to 7 |xm. The mixture may be 
used as such or as applied to a support. The titania-zirconia-alumina powder to be used here preferably has an alumina 
content of 5 to 30% by weight, particularly 1 0 to 20% by weight. In this case, too, it is preferred for the alumina powder 
in the titania-zirconia-alumina powder to have an average particle size of 0.1 ijliti or smaller. 

w [0057] One of the greatest characteristics of the aforementioned titania-zirconia powder, yttria-containing titanium- 
zirconia powder, and titania-zirconia-alumina powder according to the present invention is that a large specific surface 
area can be maintained even after the powder is treated at a high temperature. 

[0058] Titania powder is, in general, characterized by few basic sites on its surface. In this regard, another characteristic 
of the powders of the present invention lies in that the heat resistance can be improved greatly without impairing this 
75 characteristic of titania. Hence, having few basic sites on the crystal surfaces and having, instead, acidic sites equal or 
superiorto titania alone in amount and intensity, the powders of the present invention exhibit excellent resistance against 
poisoning. That is, they hardly adsorb poisoning acidic substances, such as S0 2 gas, and easily desorb the acidic 
substances if adsorbed. 

[0059] Havingthe above-described characteristics, the titania-zirconia powder, yttria-containing titanium-zirconiapow- 

20 der, and titania-zirconia-alumina powder according to the present invention are suitable as a catalyst carrier or a co- 
catalyst for purifying exhaust gases from automobile engines. Since a catalyst for purifying automotive exhaust gases 
comprises a noble metal catalyst component supported on a carrier, it is demanded forthe carrierto have a large specific 
surface area sufficient to support the noble metal component in a highly dispersed state and to allow the catalyst 
component to come into contact with exhaust gases effectively. The carrier is also required to keep the large specific 

25 surface area at high temperatures at which the catalyst is applied. 

[0060] Because the powders of the present invention are highly superior in sulfur poisoning resistance, alkali resistance 
and heat resistance, they are especially suited as a carrier of NO x storage and reduction type catalysts which contain 
an NO x storage component comprising an alkali metal or an alkaline earth metal in a high concentration (e.g., 0.1 mol 
or more per liter of a honeycomb catalyst) and which are exposed to a high temperature in an oxidizing atmosphere 

30 where sulfur is hardly desorbed. 

[0061] Here, the carrier of NO x storage and reduction type catalysts is specifically explained below. 
[0062] When the titania-zirconia powder dispersed in the alumina powder is used as a carrier of a catalyst having the 
composition: [Ba (0.2 mol) + K (0.1 mol)]/[Pt (2 g) + Rh (0.1 g)]/carrier (120 g), in other words, when 2 g of Pt and 0.1 
g of Rh were adsorbed onto 120 g of the carrier, and 0.2 mol of barium acetate and 0.1 mol of potassium acetate were 

35 further supported thereon, if both powders are dispersed with a particle size of 1 |xm or smaller, the catalyst shows the 
after- mentioned N0 2 storing ability of at least 7 |xmol/0.5 g-cat. at 600°C and if both powders are dispersed with a particle 
size of 0.1 |xm or smaller, the catalyst shows the NO x storing ability of at least 9 |ximol/0.5 g-cat. at 600°C, as shown in 
the after-mentioned Example. 

[0063] Further, because the powders of the present invention retain the titania's characteristic of having few basic 
40 sites on the surface and possess acidic sites equal to or superiorto those of titania alone in amount and intensity, they 
are highly resistant against sulfur poisoning. In addition, they have high heat resistance. Accordingly, they are suitable 
for general use as a carrier of catalysts that are used in high temperature gases containing sulfur. 
[0064] The present invention also provide processes for producing the above-described titania-zirconia powder, yttria- 
containing titania-zirconia powder, and titania-zirconia-alumina powder. 
45 [0065] The process for producing the titania-zirconia powder and the process for producing the yttria-containing titania- 
zirconia powder are characterized by including the step of powerfully stirring a raw material aqueous solution containing 
a titanium salt and a zirconium salt (and a yttrium salt in the latter process). 

[0066] The "powerful stirring" as referred to herein can be expressed in terms of a shear rate. A preferred shear rate 
is 1 000 sec 1 or higher, particularly 1 0,000 sec 1 or higher. The powerful stirring can be effected conveniently by means 

50 of a homogenizer (shear rate: 13, 000 sec 1 ) combined with a conventional propeller agitator for uniform stirring. 

[0067] The titanium salt which can be used in the process is not particularly limited and includes titanium tetrachloride, 
titanium oxysulfate, ammonium titanium oxyoxalate, titanium nitrate, and otherwater-soluble titanium salts. The zirconium 
salt to be used is not particularly limited and includes zirconium oxysulfate, zirconium oxychloride, zirconium oxynitrate, 
zirconium nitrate, and otherwater-soluble zirconium salts. The yttrium salts to be used include yttrium nitrate. 

55 [0068] It is preferred that the raw material aqueous solution contains aqueous hydrogen peroxide and a surface active 
agent. On addition of hydrogen peroxide, titanium ions and zirconium ions become complex ions and approach to each 
other in terms of pH at which they precipitate. As a result, mixing of titania and zirconia in the co-precipitate tends to 
proceed on an atomic level. With a surface active agent present in the system, if a non-uniform portion happens to be 
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formed during co-precipitation, grains mainly comprising zirconia and grains mainly comprising titania grow inthe micelles 
of the surface active agent in such directions as to make the composition uniform. As a result, solid solution particles 
having a uniform composition can easily be formed. 

[0069] The surface active agent which can be used in the process of the present invention includes anionic, cationic 
or nonionic surface active agents. In particular, surface active agents which form micelles having a small space inside, 
such as spherical micelles, are desirable. Those having a critical micelle concentration of 0.1 mol/l or less, particularly 
0.01 mol/l or less, are desirable. The terminology "critical micelle concentration" is the minimal concentration of a surface 
active agent solution necessary for forming micelles. 

[0070] The processes according to the present invention also include the step of drying and calcining a precipitate 
obtained by adding a pH adjusting agent to the raw material aqueous solution while powerfully stirring. In order to produce 
the powder in a stable manner, the drying and calcining step is preferably carried out at a rate of temperature rise of 
100°C/hr or lower for the following reason. Heating of the mixed powder is conducted in the presence of considerable 
amounts of by-produced salts, such as ammonium nitrate. The by-produced salts in the precipitate often incur self- 
heating or self-ignition by the catalytic action of titanium ions while the temperature is being elevated. As a result, the 
temperature of the powder tends to rise higher than necessary, which can result in a reduced specific surface area. 
Such abrupt self-heating is effectively suppressed at a rate of temperature rise of 100°C/hr or less, particularly 50°C/hr 
or less. 

[0071] The process for producing the titania-zirconia-alumina powder comprises the steps of; 

(a) preparing a raw material aqueous solution comprising a titanium salt, a zirconium salt, and an aluminum salt, 
the concentration of the titanium salt and the zirconium salt being adjusted so as to give a final titania/zirconia weight 
ratio of 97/3 to 70/30 or 40/60 to 15/85, 

(b) adding a pH adjusting agenttothe raw material aqueous solution while powerfully stirring to form a precipitate, and 

(c) drying and calcining the precipitate. 

[0072] The process for producing the titania-zirconia-alumina powder alternatively comprises the steps of; 

(a) preparing a raw material aqueous solution comprising a titanium salt and a zirconium salt, the concentration of 
the titanium salt and the zirconium salt being adjusted so as to give a final titania/zirconia weight ratio of 97/3 to 
70/30 or 40/60 to 15/85, 

(b) preparing a raw material aqueous solution containing an aluminum salt, 

(c) adding a pH adjusting agent to each of the raw material aqueous solutions prepared in steps (a) and (b) while 
powerfully stirring to form a precipitate, 

(d) uniformly mixing the precipitates obtained in step (c), and 

(e) drying and calcining the mixed precipitate. 

[0073] During the preparation of the raw material aqueous solution containing the titanium salt, the zirconium salt and 
the aluminum salt, an element capable of increasing the heat resistance of the titania-zirconia powder or the alumina 
powder, such as a rare earth element (e.g., Y, La) and an alkaline earth metal element (e.g., Ba), may be added in a 
concentration of 1 0 mol% or less in terms of cation. Further, when preparing the raw material aqueous solution containing 
the titanium salt and the zirconium salt, a rare earth element such as Y may be added to the solution in a concentration 
of 1 0 mol% or less in terms of cation contained in the finally obtained powder, and also when preparing the raw material 
aqueous solution containing the aluminum salt, a rare earth element such as La or an alkaline earth metal element such 
as Ba may be added to the solution in a concentration of 10 mol% or less in terms of cation contained in the finally 
obtained powder. 

[0074] The meaning and the preference of "powerful stirring" as referred to herein are the same as described with 
reference to the process for producing the titania-zirconia powder. Addition of aqueous hydrogen peroxide and a surface 
active agent to the raw material aqueous solution and control of the rate of temperature rise in the drying and calcination 
step are also preferred in this process for the same reasons as described above. The details and preferred means for 
these manipulations as described above also apply here. 

[0075] If desired, the step of drying and calcination can be preceded by the step of concentrating the precipitate by 
filtration or decantation and/or the step of removing by-products by washing and the like. These additional steps raise 
the limit of the rate of temperature rise but increases the processing cost. 

[0076] The present invention will now be illustrated in greater detail with reference to Examples, but it should be 
understood that the invention is not deemed to be limited thereto. Unless otherwise noted, all the percents are by weight. 
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EXAMPLES 1 TO 9 AND COMPARATIVE EXAMPLES 1 TO 5 
Preparation of Ti0 2 -xZr0 2 Powder (x=0 to 100%) : 

5 [0077] A titanium tetrachloride aqueous solution having a concentration of 27.5% in terms of Ti0 2 and a zirconium 
oxynitrate aqueous solution having a concentration of 18% in terms or Zr0 2 were weighed according to Table 1 and 
dissolved in 1000 g of water. To the solution were added 160 g of 30% aqueous hydrogen peroxide and 24 g of a 
nonionic surface active agent (Reokon 1020H, produced by Lion Corp.) to prepare a raw material aqueous solution. 
[0078] The raw material aqueous solution was uniformly stirred in a homogenizer (shear rate: 13,000 sec -1 ) equipped 

10 with a propeller, and diluted aqueous ammonia (456 g of 25% aqueous ammonia diluted with 1000 g of water) was 
added to the solution while being stirred to form a precipitate. 

[0079] The precipitate was dried, at 1 50°C and then heated up to 500°C at a rate of 50°C/hr, at which the precipitate 
was calcined for 5 hours to obtain a titania-zirconia powder. The specific surface area of the resulting powder was 
measured. The powder was further calcined at 800°C for 5 hours, and the specific surface area was again measured. 

75 The results obtained are shown in Table 1 and graphically represented in Figs. 1 A and 1B. 

[0080] It is seen from Table-1 and Figs. 1 A and 1 B that the powders prepared in Examples 1 to 5 which have azirconia 
content of 3 to 30% all have a specific surface area of 45 m 2 /g or more even after heated at 800°C for 5 hours, whereas 
the specif ic surface area of the powder of Comparative Example 1 (Zr0 2 : 0%) is extremely small, and that of the powders 
of Comparative Example 2 (Zr0 2 : 40%) and Comparative Example 3 (Zr0 2 : 50%) are also small (see Fig. 1B). 

20 [0081] On the other hand, the powders of Examples 5 to 9 having a zirconia content of 60 to 85% have a specific 
surface area as high as 140 m 2 /g or more after heated at 500°C for 5 hours, whereas the specific surface area of the 
powders of Comparative Example 4 (Zr0 2 : 90%) and Comparative Example 5 (Zr0 2 : 1 00%) is less than 140 m 2 /g (see 
Fig. 1 A). Further, the powders of Examples 5 to 9 maintain a specific surface area of 35 m 2 /g or more after heated at 
800°C for 5 hours, while the specific surface area of the powders of Comparative Examples 1 to 5 is less than 35 m 2 /g 

25 after the same heat treatment (see Fig. 1 B). 

[0082] Among the 800°C calcined powders, the powder of Example 2 (Zr0 2 : 10%) has the largest specific surface 
area. Among the 500°C calcined powders, the powder of Example 7 (Zr0 2 : 70%) has the largest specific surface area, 
which exceeds 200 m 2 /g, reaching 201.3 m 2 /g (see Figs. 1Aand 1B). 



30 TABLE 1 





TiCI 4 Aq. Soln. 


Zr0(N0 3 ) 2 Aq. Soln. 


Specific Surface Area (m 2 /g) 


Weight (g) 


Ti Content asTi0 2 
(wt%*) 


Weight (g) 


Zr Content as Zr0 2 
(wt%") 


500°C 


800°C 


Comp. Ex. 1 


436.0 


100 


0.0 


0 


49.6 


4.7 


Ex. 1 


414.2 


95 


33.3 


5 


97.2 


49.8 


Ex. 2 


392.4 


90 


66.7 


10 


86.4 


63.5 


Ex. 3 


348.8 


80 


133.3 


20 


82.3 


48.5 


Ex. 4 


305.2 


70 


200.0 


30 


117.1 


46.7 


Comp. Ex.2 


261.6 


60 


266.7 


40 


126.0 


32.5 


Comp. Ex.3 


218.0 


50 


333.3 


50 


133.0 


24.6 


Ex. 5 


174.4 


40 


400.0 


60 


167.5 


35.8 


Ex. 6 


152.6 


35 


433.3 


65 


188.4 


37.4 


Ex. 7 


130.8 


30 


466.7 


70 


201.3 


41.5 


Ex. 8 


87.2 


20 


533.3 


80 


172.9 


36.7 


Ex. 9 


65.4 


15 


567.0 


85 


150.0 


35.1 


Comp. Ex.4 


43.6 


10 


600.0 


90 


98.6 


31.5 


Comp. Ex.5 


0.0 


0 


666.7 


100 


39.8 


23.4 


* Based on the total amount of Ti0 2 and Zr0 2 . 



[0083] In Figs. 2 and 3 are shown the X-ray diffraction patterns of the 500°C calcined Ti0 2 -Zr0 2 powders and the 
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800°C calcined Ti0 2 -Zr0 2 powders, respectively, of Examples 1 to 5, 7, and 8 and Comparative Examples 1 to 5. 
[0084] The X-ray diffraction patterns shown in Fig. 2 reveal that the 500°C calcined powders having a Zr0 2 content 
of 60% (Example 5), 70% (Example 7) and 80% (Example 8), which have a large specific surface area, are amorphous. 
It is seen from Fig. 2 that an anatase phase of Ti0 2 appears with the Zr0 2 content of 50% or less and that a tetragonal 
5 phase or a monoclinic phase of Zr0 2 appears with the Zr0 2 content of 90% or more. 

[0085] The X-ray diffraction patterns (Fig. 3) of the 800°C calcined powders shows that a rutile phase of Ti0 2 is 
produced with a zero Zr0 2 content (0% Zr0 2 ). With the Zr0 2 content being 5% or more, the Ti0 2 crystalline phase 
consists of an anatase phase with no rutile phase, crystal I ©graphically indicating thatthe powders have acquired improved 
heat resistance. 

w [0086] The peaks attributed to the (200) plane of the anatase Ti0 2 in the X-ray diffraction patterns shown in Figs. 2 
and 3 (measured with CuKal) are tabulated in Table 2 below. While the peak of anatase phase (200) of 1 00% Ti0 2 is 
26=48.04° when the powder is calcined at 500°C, it is seen that the peak shifts to the smaller angle side with the Zr0 2 
content, which proves that Zr0 2 is solid-dissolved in the anatase phase of Ti0 2 . 



15 TABLE 2 



Zr0 2 Content (wt%) 


26 (°) of Peak Attributed to TiQ 2 Anatase Phase (200) 


500°C 


800°C 


0 


48.04 


48.12 


5 


48 


48.01 


10 


47.88 


47.99 


20 


47.8 


47.87 


30 


47.72 


47.78 


40 


47.72 


47.73 


50 


47.64 


47.56 



[0087] Further, the peaks attributed to the (101) plane of the Zr0 2 tetragonal phase and those attributed to the (111) 
plane of the complex oxide (Ti, Zr) 0 2 phase appearing in the X-ray diffraction patterns shown in Figs. 2 and 3 (measured 
with CuKal ) are tabulated in Table 3 below. 



TABLE 3 



Zr0 2 Content (wt%) 


26 O of Peak Attributed to Tetragonal Zr0 2 Phase (1 01 ) or (Ti,Zr)0 2 
Phase (111) 


Crystalline phase 


500 6 C 


800°C 


0 








5 








10 




30.36 


(Ti, Zr)0 2 


20 




30.4 


(Ti,Zr)0 2 


30 


30.64 


30.61 


(Ti,Zr)0 2 


40 


30.64 


30.63 


(Ti,Zr)0 2 


50 


30.6 


30.6 


(Ti,Zr)Q 2 


60 




30.64 


tetragonal 


70 




30.43 


tetragonal 


80 




30.4 


tetragonal 


90 


30.28 


30.26 


tetragonal 


100 


30.24 


30.24 


tetragonal 
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[0088] When the powders having a Zr0 2 content of 60% or more are calcined at 800°C, the crystalline phase pre- 
dominantly comprises a tetragonal phase of Zr0 2 . While the peak of the tetragonal phase of 100% Zi0 2 is 26=30.24° 
when the powder is calcined at 800°C, it is seen that the peak shifts to the larger angle side with the Ti0 2 content, which 
proves that Ti0 2 is solid-dissolved in the tetragonal phase of Zi0 2 . 
5 [0089] With the Zr0 2 content ranging from 1 0 to 50%, a complex oxide phase (Ti,Zr)0 2 co-exists. The peak assigned 
to the (1 1 1 ) plane of the complex oxide phase also changes with the Zr0 2 content, indicating the change of the Ti/Zr 
ratio in this phase. 

[0090] The crystalline phase constitution of the 800°C calcined powders as analyzed from their X-ray diffraction 
patterns is summarized in Table 4 below, in which a circle (O) symbolizes a proportion exceeding 20%; a triangle (A) 
10 symbolizes a proportion smaller than 20%; and a letter x symbolizes a trace proportion or means that the crystalline 
phase was not detected. 

[0091] From Table 4 the following observations can be drawn. The Ti0 2 -Zr0 2 powders of Examples 1 to 4, in which 
the titania crystal comprises an anatase phase and which has a zirconia content of 3 to 30%, contains less than 20% 
of the complex oxide (Ti,Zr)0 2 . In the Ti0 2 -Zr0 2 powders of Examples 5 to 9, in which the crystalline phase comprises 
15 a tetragonal zirconia phase and which has a titania content of 15 to 40%, the total content of the complex oxide (Ti,Zr) 
0 2 , monoclinic zirconia, and anatase titania is less than 20%. 



TABLE 4 



Crystalline phase Constitution after 800°C Calcination 




Zr0 2 Content 


Tetragonal 
Rutile 


Tetragonal 
Anatase 


Orthorhombic 
(Ti, Zr)0 2 


Tetragonal 
Zirconia 


Monoclinic 
Zirconia 


(wt%) 


(mol%) 


Comp. Ex. 1 


0 


0 


O 


O 


X 


X 


X 


Ex. 1 


5 


3.3 


X 


O 


A 


X 


X 


Ex. 2 


10 


6.7 


X 


o 


A 


X 


X 


Ex. 3 


20 


14.0 




o 


A 






Ex. 4 


30 


21.8 


X 


o 


A 


X 


X 


Comp. Ex. 2 


40 


30.2 


X 


o 


O 


X 


X 


Comp. Ex. 3 


50 


39.4 


X 


A 


O 


A 


X 


Ex. 5 


60 


49.4 


X 


X 


A 


O 


X 


Ex. 6 


65 


59.7 


X 


X 


A 


o 


X 


Ex. 7 


70 


60.3 


X 


X 


A 


o 


X 


Ex. 8 


80 


72.2 


X 


X 


X 


o 


A 


Ex. 9 


85 


78.7 


X 


X 


X 


o 


A 


Comp. Ex. 4 


90 


85.4 


X 


X 


X 


o 


O 


Comp. Ex. 5 


100 


100 


X 


X 


X 


A 


O 



45 [0092] The Ti0 2 -Zr0 2 powders of Example 2 (Zr0 2 : 10%), Example 7 (Zr0 2 : 70%), Comparative Example 1 (Zr0 2 : 
0%), and Comparative Example 5 (Zr0 2 : 100%) were subjected to an ammonia (NH 3 ) and carbon dioxide (C0 2 ) tem- 
perature-programmed desorption (TPD) test, and the surface acidic sites and basic sites were measured. The results 
of the TPD test are shown in Figs. 4A, 4B, 5A and 5B. It is recognized that the powders of Examples 2 and 7, while 
containing Zr0 2 , have acidic sites only with few basic, sites on their surface similarly to the powder of Comparative 

so Example 1 (100% Ti0 2 ). On the other hand, it is seen that there are both acidic sites and basic sites on the surface of 
the powder of Comparative Example 5 (1 00% Zr0 2 ). 

TEST EXAMPLE 

55 [0093] I n order to examine influences of yttria on the specific surface area of a titania-zirconia powder, the Ti0 2 -Zr0 2 
powders having the same weight ratio of Ti0 2 :Zr0 2 of Example 2 (Ti0 2 :Zr0 2 =9 : 1 ) plus a varied amount of Y 2 0 3 based 
on the total amount of the final oxide were prepared and calcined at 900°C for 5 hours. The specific surface area of the 
calcined powder is shown in Table 5 and graphed in Fig. 6. 



11 



EP 1 036 767 B1 



TABLE 5 



Y 2 0 3 Content (wt%) 


0 


0.5 


1 


1.5 


2 


3 


4 


5 


10 


Specific Surface Area (m 2 /g) 


30.3 


36.7 


38.9 


39.3 


39.8 


37.6 


37.2 


36.3 


34.6 



[0094] It is recognized from Table 5 and Fig. 6 that addition of Y 2 0 3 results in an increase of specific surface area. 
Addition of 0.5% of Y 2 0 3 produces a significant effect, and the effect reaches the maximum at 2% addition. Addition of 
more than 3% does not result in further improvement. 

EXAMPLE 10 



Preparation of TiO 2 -10%ZrO 2 -2%Y 2 O 3 Powder: 

[0095] In 1000 g of water were dissolved 383.7 g of a titanium tetrachloride aqueous solution having a concentration 
of 27.5% in terms of Ti0 2 , 66.7 g of a zirconium oxynitrate aqueous solution having a concentration of 18% in terms of 
Zr0 2 , and 8.14 g of a yttrium nitrate aqueous solution having a concentration of 29.48% in terms of Y 2 0 3 , and 1 60 g of 
30% aqueous hydrogen peroxide and 24 g of a nonionic surface active agent (Reokon 1 020H, produced by Lion Corp.) 
to prepare a raw material aqueous solution. 

[0096] The raw material aqueous solution was uniformly stirred in a homogenizer, and diluted aqueous ammonia (456 
g of 25% aqueous ammonia diluted with 1000 g of water) was added to the solution while being stirred to form a 
precipitate. The precipitate was dried at 1 50°C and then heated up to 500°C at a rate of 50'C/hr, at which the precipitate 
was calcined for 5 hours to obtain a yttria-containing titania-zirconia powder. The resulting powder was further calcined 
at 600°C, 700°C, 800'C or 900°C for 5 hours, and the specific surface area was measured. The results obtained are 
shown in Table 6 and graphed in Fig. 7. 



COMPARATIVE EXAMPLE 6 AND REFERENCE EXAMPLE 



[0097] A precipitate was formed in the same manner as in Example 2, except that the stirring by means of a homogenizer 
was not conducted. The precipitate was dried at 150°C, followed by calcination at 600°C, 700°C, 800°C or 900°C for 5 
hours in the same manner as in Example 2. The specific surface area of the resulting powders was measured. The 
results obtained are shown in Table 6 and Fig. 7. 

[0098] For reference, the specif ic surface area of acommercially available anatase phase titania powderwas measured 
in the same manner. The 500°C calcined titania-zirconia powder obtained in Example 2 was similarly calcined at a varied 
temperature for 5 hours, and the specific surface area was measured. 
[0099] The results obtained are shown in Table 6 and Fig. 7. 



TABLE 6 





Specific Surface Area (m 2 /g) 


600°C 


700°C 


800°C 


900°C 


Example 1 0 


73.9 


68.1 


59.5 


39.8 


Comparative Example 6 


62.3 


49.3 


33.4 


16.6 


Reference Example 


49.9 


37.8 


15.2 


5.3 


Example 2 


78.6 


71.5 


63.5 


30.3 



[0100] As is apparent from Table 6 and Fig. 7, the titania-zirconia powder of Example 2, which was obtained by the 
process including the step of stirring in a homogenizer has a large specific surface area after a heat treatment even at 
high temperatures of 800°C or 900 9 C. Similarly to the powder of Example 2, the yttria-containing titania-zirconia powder 
of Example 10, which was also obtained by the process including the step of stirring in a homogenizer has a high specific 
surface area after a high-temperature treatment. To the contrary, the powder of Comparative Example 6 which was 
obtained by a process which does not include the step of stirring in a homogenizer underwent a considerable reduction 
in specific surface area in the high-temperature treatment. The same applies to the commercially available titania powder. 
It is also seen that the 900°C calcined product of the yttria-containing titania-zirconia powder of Example 1 0 has a larger 
specific surface area than the 900°C calcined product of the titania-zirconia powder of Example 2, while having the same 
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crystalline phase constitution analyzed from the x-ray diffraction patterns as that of the titania-zirconia powder of Example 
2. 

EXAMPLE 11 

5 

Preparation of 50%AI 2 O 3 -35%ZrO 2 -15%TiO 2 Powder: 

[0101] In 1 000 g of water were dissolved 441 .2 g of an aluminum nitrate aqueous solution having a concentration of 
13.6% in terms of Al 2 0 3 , 65.4 g of a titanium tetrachloride aqueous solution having a concentration of 27.5% in terms 
10 of Ti0 2 , and 233.3 g of a zirconium oxynitrate aqueous solution having a concentration of 1 8% in terms of Zr0 2 , and 
160 g of 30% aqueous hydrogen peroxide and 24 g of a nonionic surface active agent (Reokon 1020H, produced by 
Lion Corp.) were added to the solution to prepare a raw material aqueous solution. 

[0102] The raw material aqueous solution was uniformly stirred in a homogenizer, and diluted aqueous ammonia (456 
g of 25% aqueous ammonia diluted with 1000 g of water) was added to the solution while being stirred to form a 
75 precipitate. The precipitate was dried at 1 50°C and then heated up to 500°C at a rate of 50°C/hr, at which the precipitate 
was calcined for 5 hours to obtain atitania-zirconia-alumina powder. The resulting powder was further calcined at 600°C, 
700°C or 800°C for 5 hours, and the specific surface area was measured. The results obtained are shown in Table 7 
and graphed in Fig. 8. The resulting powder was found to be a mixture of a Zr0 2 -Ti0 2 powder having an average particle 
size of 0.05 |xm and an Al 2 0 3 powder having an average particle size of 0.04 |xm. 

20 

EXAMPLE 12 

[0103] The titania-zirconia powder prepared in Example 7 which had an average particle size of 5 |xm and an alumina 
powder having an average particle size of 2 |xim were weighed to give the same Ti0 2 : Zr0 2 :AI 2 0 3 weight ratio as in 
25 Example 1 1 and dry mixed in a ball mill for 1 0 hours to obtain a mixed powder. In the mixed powder, the titania-zirconia 
powder had an average particle size of 0.7 |xim and the alumina powder had an average particle size of 0.8 |x m. 
[0104] The resulting mixed powder was heat treated at500°C, 600°C, 700°Cor800 9 Cfor5 hours in the same manner 
as in Example 1 1 , and the specific surface area of the calcined powders was measured. The results are shown in Table 
7 and Fig. 8. 

30 

COMPARATIVE EXAMPLE 7 

[0105] A commercially available titania powder having an average particle size of 0. 5 ^m, a commercially available 
zirconia powder having an average particle size of 1 .1 |xm, and an alumina powder having an average particle size of 
35 2 [xm were compounded at the same Ti0 2 :Zr0 2 :AI 2 0 3 weight ratio as in Example 1 1 and dry mixed in a ball mill for 1 0 
hours. The resulting mixed powder was heat treated at 500°C, 600°C, 700°C or 800°C for 5 hours in the same manner 
as in Example 1 1 , and the specific surface area of the calcined powders was measured. The results are shown in Table 
7 and Fig. 8. 

40 TABLE 7 





Specific Surface Area (m 2 /g) 


500*C 


600'C 


700*C 


800°C 


Example 1 1 


280 


227 


171 


115 


Example 12 


196 


165 


120 


107 


Comp. Example 7 


139 


122 


125 


100 



[0106] The titania-zirconia-alumina powder of Example 1 1 , which is a mixture of aZr0 2 -Ti0 2 powder having an average 
particle size of 0.05 ^m and an AI 2 Q 3 powder having an average particle size of 0.04 |xm, retains a large specific surface 
area even after a high-temperature treatment. The powder of Example 12, a mixture of a Zr0 2 -Ti0 2 powder having an 
average particle size of 5 |xm and an Al 2 0 3 powder having an average particle size of 2 ^m, also retains a large specific 
surface area after the high-temperature treatment, while somewhat inferior to the powder of Example 12. 
[0107] To the contrary, the titania-zirconia-alumina powder of Comparative Example 7, which was prepared from a 
commercially available titania powder and a commercially available zirconia powder, is inferior in specific surface area 
after the high-temperature treatment to the powders of Examples 1 1 and 12, although the titania powder has an average 
particle size of 0.5 |xm and the zirconia powder has an average particle size of 1 .1 |xm. 
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[0108] A catalyst having the composition: [Ba (0.2 mol) + K(0.1 mol)]/[Pt (2g) + Rh (0.1 g)]/carrier (120 g) was prepared 
by using each of the 500°C calcined powders of Examples 1 1 and 1 2 and Comparative Example 7 as a carrier. That is, 
2 g of Pt and 0.1 g of Rh were adsorbed onto 120 g of the carrier, and 0.2 mol of barium acetate and 0.1 mol of potassium 
acetate were further supported thereon. 

[0109] Each catalyst thus prepared was subjected to a 800°C heat resistance test (high temperature durability test) 
and subsequently to a 600°C sulfur poisoning durability test in accordance with the following test methods. After the 
testing, the NO. storing ability of the catalyst was evaluated according to the following method. The results obtained are 
shown in Table 1 1 and graphically represented in Fig. 9. 

1) 800°C Heat Resistance Test (High Temperature Durability Test) Method: 

[0110] One gram of the catalyst was exposed to 800°C for 5 hours in an atmosphere alternating from a rich model 
gas (2 minutes) to a lean model gas (2 minute) each having the composition (% by volume) shown in Table 8 below. 
The gas was fed at a rate of 1 liter/min. 



TABLE 8 



Model Gas 


o 2 


NO 


C 3 H 6 (%C) 


CO 


H 2 


co 2 


H 2 0 


N 2 


Lean (A/F*=22) 


4.5 


0.05 


0.3 


0.75 


0.25 


10 


3 


balance 


Rich (A/F*=14) 


0.5 


0.05 


0.3 


2.25 


0.75 


10 


3 


balance 


Note: * A/F: air/fuel ratio 



2) Sulfur Poisoning Durability (600°C) Test Method: 

[0111] A quartz tube having an inner diameter of about 10 mm was plugged with 1 g of the catalyst having been 
subjected to the above high temperature durability test and set in a durability testing apparatus. A rich model gas and 
a lean model gas having the compositions (% by volume) shown in Table 9 were introduced alternately at a rate of 0.5 
liter/min for 30 seconds each. Meanwhile the inlet gas temperature was elevated, over a 30 minute period, from room 
temperature up to 600°C, which temperature was maintained for hours. The amount of sulfur fed to the catalyst was 1 .5 
mol per mole of the total amount of barium and potassium supported on 1 g of the catalyst. 



TABLE 9 



Model Gas 


o 2 


so 2 


C 3 H 6 (%C) 


CO 


H 2 


co 2 


H 2 0 


N 2 


Lean 


7.7 


0.05 


0.45 


1.43 


0.48 


9.6 


3 


balance 


Rich 


0 


0.05 


0.48 


4.5 


1.5 


10 


3 


balance 



3) Evaluation of NO x Storing Ability: 

[0112] A tubular fixed bed catalytic reactor was loaded with 0.5 g each of the catalyst having been subjected to the 
800'C heat resistance test (high temperature durability test) and the 600°C sulfur poisoning durability test in this order. 
The catalyst was placed in a lean atmosphere by introducing a lean gas having the composition (% by volume) shown 
in Table 1 0 at a rate of 3 liter/min to store NO x in the form of nitrate and, in a rich atmosphere by introducing a rich gas 
having the composition (% by volume) shown in Table 10 for 3 seconds to reduce NO x into N 2 , etc. The inlet gas 
temperature (reaction temperature) was varied from 200 to 600°C as shown in Table 1 1. The amount of the reduced 
NO x (|jLmol/0.5 g-catalyst) was taken as the NO x storing ability of the catalyst. 



TABLE 10 



Model Gas 


o 2 


CO 


H 2 


C 3 H 6 (%C) 


NO 


H 2 0 


C0 2 


He 


Lean 


6.63 


0.02 


0.01 


0.07 


0.08 


3 


11 


balance 


Rich Pulse 


0 


5.60 


1.87 


0.34 


0.005 


3 


11 


balance 
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TABLE 1 1 





NO x Storing Ability ((xmol/0.5 g-cat.) 


200°C 


300°C 


400 °C 


500°C 


600°C 


Example 1 1 


3.88 


5.66 


11.26 


10.42 


9.99 


Example 12 


3.44 


5.45 


5.56 


8.64 


7.85 


Comparative Example 7 


3.74 


3.74 


3.95 


3.44 


3.72 



[0113] The results of Table 1 1 and Fig. 9 testify that the catalysts comprising the powders of Examples 1 1 and 12 as 
a carrier exhibit much higher NO x storing ability than the catalyst comprising the powder of Comparative Example 7 as 
a carrier at every reaction temperature except 200°C. 

[0114] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein. 



Claims 

2Q 1. Atitania-zirconia powder, wherein at least a part of the zirconia is dissolved in the crystalline phase of titaniato form 
a solid solution, or at least a part of the titania is dissolved in the crystalline phase of zirconia to form a solid solution, 
said titania-zirconia powder comprising 1 5 to 40 % by weight of titania or 60 to 85 % by weight of zirconia and having 
a specific surface area of 35 m 2 /g or more after being heat-treated at 800°C for 5 hours in the air. 

25 2. A titania-zirconia powder being amorphous and including up to 1 0 % by volume of crystalline phases of titania and/or 
zirconia, said titania-zirconia powder comprising 60 to 85 % by weight zirconia and having a specific surface area 
of 140 m 2 /g or more after being heat-treated at 500°C for 5 hours in the air, wherein at least a part of the zirconia 
is dissolved in the crystalline phase of titania to form a solid solution after heat treatment, or at least a part of the 
titania is dissolved in the crystalline phase of zirconia to form a solid solution after heat treatment. 

30 

3. Atitania-zirconia powder wherein at least a part of the zirconia is dissolved in the crystalline phase of titaniato form 
a solid solution, or at least a part of the titania is dissolved in the crystalline phase of zirconia to form a solid solution, 
and comprising zirconia in an amount of 3 to 30 % by weight and having a specific surface area of 45 m 2 /g or more 
after being heat-treated at 800°C for 5 hours in the air, wherein the titania-zirconia powder comprises an anatase 

35 phase, and at least one of a complex oxide having a composition of ZrTi0 4 or (Ti,Zr)0 2 , monoclinic phase zirconia, 

and tetragonal phase zirconia is contained in an amount or less than 20 % by weight in total. 

4. The titania-zirconia powder as claimed in claim 3, further comprising an yttria in an amount of 0.5 to 1 0 % by weight, 
and having a specific surface area of 34 m 2 /g or more after being heat-treated at 900°C for 5 hours in the air. 

40 

5. The titania-zirconia powder as claimed in claim 3, wherein at least a part of the zirconia is dissolved in the anatase 
phase to form a solid solution, and wherein at least one of the complex oxide, monoclinic phase zirconia and 
tetragonal phase zirconia is dispersed in the anatase phase. 

45 6. The titania-zirconia powder as claimed in claim 4, wherein at least a part of the zirconia is dissolved in the anatase 
phase to form a solid solution, and wherein at least one of the complex oxide and tetragonal phase zirconia is 
dispersed in the anatase phase. 

7. The titania-zirconia powder as claimed in claim 1 , comprising titania in the amount of 1 5 to 40 % by weight, wherein 
5£ 7 the titania-zirconia powder comprises a tetragonal crystalline phase, at least a part of the titania is dissolved in said 

tetragonal phase to form a solid solution, and at least one of a complex oxide having a composition of ZrTi0 4 or 
(Ti,Zr)0 2 , monoclinic phase zirconia and anatase phase titania is contained in an amount of less than 20 % by 
weight in total. 

55 8. The titania-zirconia powder as claimed in claim 2, being a titania-zirconia powder having a specific surface area of 
35 m 2 /g or more after being heat-treated at 800°C f or 5 hours in the air, wherein the titania-zirconia powder comprises 
a tetragonal crystalline phase, at least a part of the titania is dissolved in said tetragonal phase to form a solid 
solution, and at least one of a complex oxide having a composition of ZrTi0 4 or (Ti,Zr)Q 2 , monoclinic phase zirconia 
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and anatase phase titania is contained in an amount of less than 20 % by weight in total. 

9. The titania-zirconia powder as claimed in claim 2 or claim 3 or claim 7, having an average particle size of 1 jxm or 
smaller, and dispersed in an alumina powder. 

10. The titania-zirconia powder as claimed in claim 9, wherein the alumina powder has an average particle size of 1 
[xin or smaller. 

11. The titania-zirconia powder as claimed in claim 2 or claim 3 or claim 7, having an average particle size of 0.1 
or smaller and uniformly dispersed in an alumina powder having an average particle size of 0.1 or smaller. 

1 2. A catalyst carrier or a co-catalyst for pu rifying automotive exhaust gases which comprises the titania-zirconia powder 
of one of claims 1 to 11. 

13. A process for producing a titania-zirconia powder according to one of claims 1 to 1 1 , comprising the steps of: 

(a) preparing a raw material aqueous solution comprising a titanium salt and a zirconium salt, the concentrations 
of the titanium salt and the zirconium salt being adjusted so as to give a final titania/zirconia weight ratio of 97/3 
to 70/30 or 40/60 to 15/85; 

(b) adding a pH adjusting agentto the raw material aqueous solution while powerfully stirringto form a precipitate; 
and 

(c) drying and calcining the precipitate. 

14. The process for producing a titania-zirconia powder as claimed in claim 13, wherein the raw material aqueous 
solution in step (a) further comprises aqueous hydrogen peroxide and a surface active agent. 

15. The process for producing a titania-zirconia powder as claimed in claim 13, wherein the raw material aqueous 
solution in step (a) further comprises yttrium in an amount of 0.5 to 1 0 % by weight in terms of yttrium oxide, based 
on the total amount of the titania-zirconia-yttria. 

16. The process for producing a titania-zirconia powder as claimed in any of the claims 13 to 15, wherein the powerful 
stirring in step (b) is carried out uniformly in a homogenizer. 

17. The process for producing a titania-zirconia powder as claimed in any of the claims 13 to 16, wherein the drying 
and calcining in step (c) is carried out at a rate of temperature rise of 1 00°C/h or lower. 

1 8. The process for producing a titania-zirconia powder as claimed in any of the claims 1 3 to 1 7, wherein the raw material 
aqueous solution further comprises an aluminum salt. 

19. The process for producing a titania-zirconia powder as claimed in any of the claims 13 to 18, further comprising the 
steps of preparing a raw material aqueous solution comprising an aluminum salt, wherein a pH adjusting agent is 
added to each of the raw material aqueous solution comprising the titanium salt and the zirconium salt and the raw 
material aqueous solution comprising the aluminum salt, and the formed precipitate is uniformly mixed. 



Patentanspruche 

1. Titanoxid-Zirkoniumoxid-Pulver, bei dem mindestens ein Teil des Zirkoniumoxids in der kristallinen Phase von 
Titanoxid unter Bildung einer festen Losung gelost ist, oder mindestens ein Teil des Titanoxids in der kristallinen 
Phase von Zirkoniumoxid unter Bildung einer festen Losung gelost ist, wobei das Titanoxid-Zirkoniumoxid-Pulver 
1 5 bis 40 Gew.-% Titanoxid oder 60 bis 85 Gew.-% Zirkoniumoxid umfasst und eine spezifische Oberflache von 35 
m 2 /g oder mehr nach dessen Warmebehandlung bei 800°C fur 5 Stunden in der Luft aufweist. 

2. Titanoxid-Zirkoniumoxid-Pulver, das amorph ist und das bis zu 1 0 Vol.-% kristalline Phasen von Titanoxid und/oder 
Zirkoniumoxid umfasst, wobei das Titanoxid-Zirkoniumoxid-Pulver 60 bis 85 Gew.-% Zirkoniumoxid umfasst und 
eine spezifische Oberflache von 140 m 2 /g oder mehr nach dessen Warmebehandlung bei 500°C fur 5 Stunden in 
der Luft aufweist, wobei nach der Warmebehandlung mindestens ein Teil des Zirkoniumoxids in der kristallinen 
Phase von Titanoxid unter Bildung einer festen Losung gelost ist, oder nach der Warmebehandlung mindestens 
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ein Teil des Titanoxids in der kristallinen Phase von Zirkoniumoxid unter Bildung einerfesten Losung gelost ist. 

3. Titanoxid-Zirkoniumoxid-Pulver, bei dem mindestens ein Teil des Zirkoniumoxids in der kristallinen Phase von 
Titanoxid unter Bildung einer festen Losung gelost ist, oder mindestens ein Teil des Titanoxids in der kristallinen 

5 Phase von Zirkoniumoxid unter Bildung einerfesten Losung gelost ist, und das Zirkoniumoxid in einer Menge von 

3 bis 30 Gew.-% umfasst und eine spezifische Oberflache von 45 m 2 /g oder mehr nach dessen Warmebehandlung 
bei 800°C fur 5 Stunden in der Luft aufweist, wobei das Titanoxid-Zirkoniumoxid-Pulver eine Anatasphase umfasst 
und mindestens eines von einem komplexen Oxid mit einer Zusammensetzung ZrTi0 4 oder (Ti,Zr)0 2 , einem Zir- 
koniumoxid mit monokliner Phase und einem Zirkoniumoxid mit tetragonaler Phase in einer Gesamtmenge von 

10 weniger als 20 Gew.-% enthalten ist. 

4. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 3, das ferner Yttriumoxid in einer Menge von 0,5 bis 10 Gew.-% 
umfasst und eine spezifische Oberflache von 34 m 2 /g oder mehr nach dessen Warmebehandlung bei 900°C fur 5 
Stunden in der Luft aufweist. 

15 

5. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 3, bei dem mindestens ein Teil des Zirkoniumoxids in der Anatas- 
phase unter Bildung einer festen Losung gelost ist und bei dem mindestens eines des komplexen Oxids, des 
Zirkoniumoxids mit monokliner Phase und des Zirkoniumoxids mit tetragonaler Phase in der Anatasphase dispergiert 
ist. 

20 

6. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 4, bei dem mindestens ein Teil des Zirkoniumoxids in der Anatas- 
phase unter Bildung einerfesten Losung gelost ist und bei dem mindestens eines des komplexen Oxids und des 
Zirkoniumoxids mit tetragonaler Phase in der Anatasphase dispergiert ist. 

25 7. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 1, das Titanoxid in einer Menge von 15 bis 40 Gew.-% umfasst, 
wobei das Titanoxid-Zirkoniumoxid-Pulver eine tetragonale kristalline Phase umfasst, mindestens ein Teil des Ti- 
tanoxids in der tetragonalen Phase unter Bildung einerfesten Losung gelost ist und mindestens eines von einem 
komplexen Oxid mit der Zusammensetzung ZrTi0 4 oder (Ti,Zr)0 2 , einem Zirkoniumoxid mit monokliner Phase und 
einem Titanoxid in der Anatasphase in einer Gesamtmenge von weniger als 20 Gew.-% enthalten ist. 

30 

8. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 2, wobei es sich urn ein Titanoxid-Zirkoniumoxid-Pulver mit einer 
spezifischen Oberflache von 35 m 2 /g oder mehr nach dessen Warmebehandlung bei 800°C fur 5 Stunden in der 
Luft handelt, wobei das Titanoxid-Zirkoniumoxidpulver eine tetragonale kristalline Phase umfasst, mindestens ein 
Teil des Titanoxids in der tetragonalen Phase unter Bildung einerfesten Losung gelost ist und mindestens eines 

35 von einem komplexen Oxid mit der Zusammensetzung ZrTi0 4 oder (Ti,Zr)0 2 , einem Zirkoniumoxid mit monokliner 

Phase und einem Titanoxid in der Anatasphase in einer Gesamtmenge von weniger als 20 Gew.-% enthalten ist. 

9. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 2 oder Anspruch 3 oder Anspruch 7, das eine durchschnittliche 
TeilchengroBe von 1 |xm oder weniger aufweist und in einem Aluminiumoxidpulver dispergiert ist. 

40 

10. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 9, bei dem das Aluminiumoxidpulver eine durchschnittliche Teil- 
chengroBe von 1 |jim oder weniger aufweist. 

11. Titanoxid-Zirkoniumoxid-Pulver nach Anspruch 2 oder Anspruch 3 oder Anspruch 7, das eine durchschnittliche 
45 TeilchengroBe von 0,1 |xm oder weniger aufweist und einheitlich in einem Aluminiumoxidpulver mit einer durch- 

schnittlichen TeilchengroBe von 0,1 |xm oder weniger dispergiert ist. 

12. Katalysatortrager oder Cokatalysator zum Reinigen von Kraftfahrzeugabgasen, der das Titanoxid-Zirkoniumoxid- 
Pulver nach einem der Anspruche 1 bis 1 1 umfasst. 

50 

13. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach einem der Anspruche 1 bis 1 1, umfassend 
die Schritte: 

(a) Herstellen einer wassrigen Ausgangsmateriallosung, die ein Titansalz und ein Zirkoniumsalz umfasst, wobei 
55 die Konzentrationen des Titansalzes und des Zirkoniumsalzes so eingestellt werden, dass ein Titan ox id/Zirko - 

niumoxid-Endgewichtsverhaltnis von 97/3 bis 70/30 oder 40/60 bis 15/85 erhalten wird; 

(b) Zugeben eines pH-Einstellmittels zu der wassrigen Ausgangsmateriallosung, wahrend zur Bildung eines 
Niederschlags heftig geruhrtwird; und 
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(c) Trocknen und Kalzinieren des Niederschlags. 

14. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach Anspruch 13, bei dem die wassrige Aus- 
gangsmaterialltisung im Schritt (a) ferner wassriges Wasserstoffperoxid und ein oberflachenaktives Mittel umfasst. 

15. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach Anspruch 13, bei dem die wassrige Aus- 
gangsmaterialltisung im Schritt (a) ferner Yttrium in einer Menge von 0,5 bis 1 0 Gew.-%, angegeben als Yttriumoxid, 
bezogen auf die Gesamtmenge von Titanoxid-Zirkoniumoxid-Yttriumoxid, umfasst. 

16. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach einem der Anspruche 13 bis 15, bei dem 
das heftige Ruhren im Schritt (b) in einem Homogenisator einheitlich durchgefuhrt wird. 

17. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach einem der Anspruche 13 bis 16, bei dem 
das Trocknen und Kalzinieren im Schritt (c) mit einer Temperaturanstiegsgeschwindigkeit von 100°C/Stunde Oder 
weniger durchgefuhrt wird. 

18. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach einem der Anspruche 13 bis 17, bei dem 
die wassrige Ausgangsmateriallosung ferner ein Aluminiumsalz umfasst. 

19. Verfahren zur Herstellung eines Titanoxid-Zirkoniumoxid-Pulvers nach einem der Anspruche 13 bis 18, das ferner 
den Schritt des Herstellens einerwassrigen Ausgangsmateriallosung umfasst, die ein Aluminiumsalz umfasst, wobei 
ein pH-Einstellmitteljeder der wassrigen Ausgangsmateriallosung, diedasTitansalz und das Zirkoniumsalz umfasst, 
und der wassrigen Ausgangsmateriallosung, die das Aluminiumsalz umfasst, zugesetzt wird, und der gebildete 
Niederschlag einheitlich gemischt wird. 



Revendications 

1 . Poudre d'oxyde de titane-oxyde de zirconium, dans laquelle au moins une partie de I'oxyde de zirconium est dissoute 
dans la phase cristalline de I'oxyde de titane pour former une solution solide, ou au moins une partie de I'oxyde de 
titane est dissoute dans la phase cristalline de I'oxyde de zirconium pour former une solution solide, la poudre 
d'oxyde de titane-oxyde de zirconium comprenant de 15 a 40 % en poids d'oxyde de titane ou de 60 a 85 % en 
poids d'oxyde de zirconium et ayant une surface specifique superieure ou egale a 35 m 2 /g apres avoir ete traitee 
thermiquement a 800°C pendant 5 heures dans I'air. 

2. Poudre d'oxyde de titane-oxyde de zirconium qui est amorphe et qui comprend jusqu'a 1 0 % en volume de phases 
cristallines d'oxyde de titane et/ou d'oxyde de zirconium, la poudre d'oxyde de titane-oxyde de zirconium comprenant 
de 60 a 85 % en poids d'oxyde de zirconium et ayant une surface specifique superieure ou egale a 140 m 2 /g apres 
avoir ete traitee thermiquement a 500°C pendant 5 heures dans I'air, au moins une partie de I'oxyde de zirconium 
etant dissoute dans la phase cristalline d'oxyde de titane pour former une solution solide apres traitementthermique, 
ou au moins une partie de I'oxyde de titane etant dissoute dans la phase cristalline de I'oxyde de zirconium pour 
former une solution solide apres traitement thermique. 

3. Poudre d'oxyde de titane-oxyde de zirconium, dans laquelle au moins une partie de I'oxyde de zirconium est dissoute 
dans la phase cristalline de I'oxyde de titane pour former une solution solide, ou au moins une partie de I'oxyde de 
titane est dissoute dans la phase cristalline de I'oxyde de zirconium pour former une solution solide, et comprenant 
de I'oxyde de zirconium en une quantite de 3 a 30 % en poids et ayant une surface specifique superieure ou egale 
a 45 m 2 /g apres avoir ete traitee thermiquement a 800°C pendant 5 heures dans I'air, la poudre d'oxyde de titane- 
oxyde de zirconium comprenant une phase anatase, et au moins I'un d'un oxyde complexe ayant une composition 
de ZrTi0 4 ou de (Ti,Zr)0 2 , d'oxyde de zirconium en phase monoclinique et d'oxyde de zirconium en phase quadra- 
tique etant contenu en une quantite inferieure a 20 % du poids total. 

4. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 3, comprenant en outre un oxyde d'yttrium 
en une quantite de 0,5 a 10 % en poids, et ayant une surface specifique superieure ou egale a 34 m 2 /g apres avoir 
ete traitee thermiquement a 900°C pendant 5 heures dans I'air. 

5. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 3, dans laquelle au moins une partie de 
I'oxyde de zirconium est dissoute dans la phase anatase pour former une solution solide, et dans laquelle au moins 
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Tun de I'oxyde complexe, de I'oxyde de zirconium en phase monoclinique et de I'oxyde de zirconium en phase 
quadratique est disperse dans la phase anatase. 

6. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 4, dans laquelle au moins une partie de 
5 I'oxyde de zirconium est dissoute dans la phase anatase pour former une solution solide, et dans laquelle au moins 

I'un de I'oxyde complexe et de I'oxyde de zirconium en phase quadratique est disperse dans la phase anatase. 

7. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 1, comprenant de I'oxyde de titane en la 
quantite de 15 a 40 % en poids, la poudre d'oxyde de titane-oxyde de zirconium comprenant une phase cristalline 

10 quadratique, au moins une partie de I'oxyde de titane etant dissoute dans la phase quadratique pour former une 

solution solide, et au moins I'un d'un oxyde complexe ayant une composition de ZrTi0 4 ou de (Ti,Zr)0 2 , un oxyde 
de zirconium en phase monoclinique etun oxyde detitane en phase anatase etant contenu en une quantite inferieure 
a 20 % du poids total. 

75 8. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 2, qui est une poudre d'oxyde de titane-oxyde 
de zirconium ayant une surface specifique superieure ou egale a 35 m 2 /g apres avoir ete traitee thermiquement a 
800°C pendant 5 heures dans I'air, la poudre d'oxyde de titane-oxyde de zirconium comprenant une phase cristalline 
quadratique, au moins une partie de I'oxyde de titane etant dissoute dans la phase quadratique pour former une 
solution solide, et au moins I'un d'un oxyde complexe ayant une composition de ZrTi0 4 ou de (Ti,Zr)0 2 , un oxyde 

20 de zirconium en phase monoclinique et un oxyde detitane en phase anatase etant contenu en une quantite inferieure 

a 20 % du poids total. 

9. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 2 ou la revendication 3 ou la revendication 
7, ayant un diametre moyen de particule inferieur ou egal a 1 |jim et dispersee dans une poudre d'alumine. 

25 

10. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 9, dans laquelle la poudre d'alumine a un 
diametre moyen de particule inferieur ou egal a 1 |xm. 

11. Poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 2 ou la revendication 3 ou la revendication 
30 7, ayant un diametre moyen de particule inferieur ou egal a 0,1 |xm et dispersee uniformement dans une poudre 

d'alumine ayant une dimension moyenne de particule inferieure ou egale a 0,1 jjLm. 

12. Support de catalyseurou cocatalyseur pour purifier des gaz d'echappement d'automobile qui comprend la poudre 
d'oxyde de titane-oxyde de zirconium suivant I'une des revendications 1 a 1 1 . 

35 

13. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant I'une des revendications 1 a 
1 1 , comprenant les stades dans lesquels : 

(a) on prepare une solution aqueuse de matiere premiere comprenant un sel de titane et un sel de zirconium, 
40 les concentrations du sel de titane et du sel de zirconium etant reglees de maniere a donner un rapport en 

poids final oxyde de titane/oxyde de zirconium de 97/3 a 70/30 ou de 40/60 a 15/85 ; 

(b) on ajoute un agent de reglage du pH a la solution aqueuse de matiere premiere tout en agitant intensement 
pour former un precipite ; et 

(c) on seche et on calcine le precipite. 

45 

14. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 1 3, dans lequel 
la solution aqueuse de matiere premiere au stade (a) comprend, en outre, du peroxyde d'hydrogene aqueux et un 
agent tensioactif. 

50 15. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant la revendication 13, dans lequel 
la solution aqueuse de matiere premiere au stade (a) comprend, en outre, de I'yttrium en une quantite de 0,5 a 10 
% en poids estimee en oxyde d'yttrium, par rapport a la quantite totale d'oxyde de titane-oxyde de zirconium-oxyde 
d'yttrium. 

55 16. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant I'une quelconque des revendi- 
cations 13 a 15, dans lequel on effectue I'agitation intense du stade (b) uniformement dans un homogeneiseur. 

17. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant I'une quelconque des revendi- 
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cations 13 a 16, dans lequel on effectue le sechage et la calcination au stade (c) a une vitesse d'elevation de la 
temperature inferieure ou egale a 100°C/h. 

18. Precede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant I'une quelconque des revendi- 
cations 13 a 17, dans lequel la solution aqueuse de matiere premiere comprend, en outre, un sel d'aluminium. 

19. Procede de preparation d'une poudre d'oxyde de titane-oxyde de zirconium suivant I'une quelconque des revendi- 
cations 13 a 18, comprenant, en outre, les stades de preparation d'une solution aqueuse de matiere premiere 
comprenant un sel d'aluminium, un agent de reglage du pH etant ajoute a chacune de la solution aqueuse de 
matiere premiere comprenant le sel de titane et le sel de zirconium et de la solution aqueuse de matiere premiere 
comprenant le sel d'aluminium, et le precipite forme etant melange uniformement. 
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FIG. 1A 
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FIG. 2 
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FIG. 3 
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FIG. 4A 





24 



EP 1 036 767 B1 



FIG. 5A 
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FIG. 5B 




ZrO„ addition amount (wt %) 
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heat treating temperature (°C) 
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